M UCOPOLYSACCHARIDOSIS (MPS) TYPE III (Sanfilippo syndrome) is a genetically and clinically heterogenous group of diseases caused by the deficiency of 1 of 4 enzymes (defining subtypes A-D) involved in the degradation of heparan sulfate. The absence of 1 of these enzymes leads to the accumulation and urinary secretion of heparan sulfate. MPS IIIA arises when N-sulfoglucosamine sulfohydrolase activity (sulfamidase, EC 3.10.1.1) is lost. MPS IIIB and C are caused by defective ␣-N-acetylglucosaminidase (EC 3.2.1.50) and heparan-␣-glucosaminide N-acetyltransferase (EC 2.1.3.78), respectively. The activity of N-acetylglucosamine-6-sulfatase (EC 3.1.6.14) is deficient in patients with MPS IIID. All of the MPS III subtypes are inherited in an autosomal recessive manner. 1 The incidence of MPS III in Germany has been estimated as 1 in 63 700 births. 2 MPS IIIA is the most common subtype in Northern Europe, whereas MPS IIIB is more prevalent in Southern Europe. 3, 4 The clinical features of the different enzyme deficiencies are difficult to distinguish. Patients with MPS III have been reported to be normal at birth and develop normally during the first year of life. Developmental delay becomes apparent in early childhood, and children may exhibit behavioral abnormalities, sleep disturbances, and speech delay. Somatic features are often mild and variable. Patients may show coarse facial features, mild skeletal dysostosis multiplex, and hepatosplenomegaly. Mental retardation becomes obvious over time, and progressive neurologic degeneration occurs. Patients generally die within the second decade of life; however, survival into the third or fourth decade has also been reported. 5 There may be differences in the severity of disease in the different subtypes. Whereas adult onset of dementia has been reported in MPS IIIB patients, 6, 7 dementia is apparent in the majority of patients with MPS IIIA by the age of 6 years. 8 Progression of the disease is thought to be more rapid in MPS IIIA than in MPS IIIB and C. However, the clinical phenotype of patients with the same subtype of MPS III, even in siblings, is highly variable. [9] [10] [11] [12] [13] The severity of MPS IIIC is reported to lie between that of MPS IIIA and B. 14 MPS IIID is very rare and also heterogeneous. 15, 16 The variability in the clinical phenotype of patients with MPS III is presumed to be because of variations in residual enzyme activity, caused by the different homozygous and compound heterozygous mutations. 3, [17] [18] [19] In this study, the natural course of MPS IIIA was investigated in a group of 71 patients and compared, where possible, with the progression of the disease in 14 patients with MPS IIIB and 4 patients with MPS IIIC. The study was based on a questionnaire and a 4-point scoring system (FPSS). This study describes the natural course of the disease in a large cohort of German patients with MPS III.
PATIENTS AND METHODS

Patients
To obtain a representative cohort of patients, families were asked to participate in the study by an information sheet sent out through the German MPS Society. Patients were also recruited from the MPS outpatient clinic of the University Medical Center in Hamburg-Eppendorf, as well as being referred by colleagues. From 170 information sheets sent out, 97 patients' families (57.1%) agreed to participate in the study. Interviews with the parents and/or grandparents of patients were conducted between August 2005 and March 2006. The families were asked to provide material on the diagnosis and clinical course of the disease (medical reports, kindergarten/school reports, photographs at different ages, etc) and to give consent that additional reports from diagnostic laboratories, genetic departments, general pediatricians, and metabolic centers be gathered. Two families did not provide all of the material required and were excluded from the study. Five families left the study for personal reasons (eg, recent death of the child). Classification of the MPS III subtype was made through the analysis of enzyme activities and the molecular gene defect. One patient had an unclassified MPS III subtype and, therefore, was excluded. In total, 89 patients with MPS III, classified into subtypes, took part in the study. The relative distribution of the different subtypes in the study population was similar to that found in German patients with MPS by Baehner et al. 2 In addition, the 71 patients in the MPS IIIA cohort seem to be representative of the general MPS IIIA population, based on analysis of the range of mutations found in the sulfamidase gene of the study population (unpublished data, 2007).
Questionnaire and Scoring System
Families were interviewed by using a detailed questionnaire that covered almost all aspects of the disease and an FPSS that assessed the degree of developmental regression over time. The questionnaire was completed using information provided by the patient's family members, doctors, teachers, and therapists. It contained 11 categories including the following: personal data, family history (consanguinity, ethnic origin, partnership, and siblings), pregnancy and delivery, diagnostic parameters (first symptoms, diagnosing medical center, enzyme activities, glycosaminoglycan excretion in urine, and mutation analysis), symptoms (dysmorphic facial features, vision and hearing impairment, heart and airway disease, inner organ enlargement, skeletal and joint disease, impairment of motor function, developmental delay, behavioral problems, sleep disturbances, neurologic symptoms, epilepsy, and diarrhea), and physical development/puberty (weight, growth and head circumference charges, pubarche, thelarche, and menarche). Data were also collected on therapies and medications, med-ical and social care, kindergarten and school attendance, interests and hobbies, developmental regression, and death. The progression of the disease was tracked using a modified scoring system described previously for other neurodegenerative disorders of childhood. 20, 21 The FPSS assessed motor function, speech abilities, and cognitive function, retrospectively, over the course of disease in 3-to 6-month intervals. Scoring assessments were made as follows: 3 points for normal function, 2 points at the beginning of regression, 1 point where regression had progressed to a severe level, and 0 points where function was lost. Detailed information on the scoring method used in this study is given in Table 1 . The total disability score (TDS) is the average of the motor function, speech, and cognitive function scores. The interviews and scoring assessments were all conducted by the same interviewer. The detailed questionnaire is available on request from the authors. The study was approved by the medical ethics committee of the Ä rztekammer Hamburg.
MPS III Subtype Classification
MPS III subtype was determined through sulfamidase, ␣-N-acetylglucosaminidase, and heparan-␣-glucosaminide N-acetyltransferase activity analysis in either white blood cells or fibroblasts. Quantitative glycosaminoglycan analysis was performed using the dimethylmethylene blue method. 22 Two-dimensional electrophoresis of urinary glycosaminoglycans was conducted as described previously. 23 
Data Handling and Analysis
To protect patient privacy, each patient received a study number, which was used in all of the analyses. Personal data were separated from the questionnaire. All of the analyses were performed by using SPSS 12.0 for Windows (SPSS Inc, Chicago, IL).
RESULTS
A total of 89 patients with MPS III (51.7% males and 48.3% females) from 82 families were included in the study; this total was composed of 71 patients (79.8%) with subtype A, 14 patients (15.7%) with subtype B, and 4 patients (4.5%) with subtype C. No patients with MPS IIID took part in the study. Ten patients (11.2%) had died at the time of data collection. The age and gender distribution of the study population at the time of data collection is shown in Table 2 . Because of the low number of patients with subtypes B (n ϭ 14) and C (n ϭ 4), comparative statistical analysis of the data was not possible. Similarities in the clinical features, course, and progression of the disease, however, were mentioned, where relevant. The average age of patients with MPS IIIA at the time of data collection was 13.2 years (SD: 6.8 years [range: 1.8 -32.8 years]).
Pregnancy, Delivery, and Early Developmental Milestones
Pregnancies were normal in the births of 80.3% of the children with MPS IIIA (57.1% MPS IIIB). Complications reported during pregnancy were cervix insufficiency (6.2%), infections (5.6%), and vaginal bleedings (4.2%). Previous miscarriages were observed in 29.2% of women (19 of 65). Six patients with MPS IIIA (8.5%) were born prematurely, which is within the range found in the general population. 24 Normal early developmental milestones were reached by 26.1% of the studied patients with MPS IIIA (14.3% type B). Normal speech development was defined as talking before 15 months and normal motor development as walking independently before 18 months. 25, 26 In 66.7% of the patients with MPS IIIA studied, speech development was delayed (71.4% type B). Two patients with MPS IIIA (7.3 and 8.5 years of age) had never spoken at the time of data collection. Motor development was delayed in 33.3% of the patients with MPS IIIA (50% type B). In 2 patients, parents could remember neither speech nor motor development milestones (excluded from evaluation). A delay of both speech and motor development was observed in 26.1% of the patients with MPS IIIA (35.7% type B). Data on the early development of the patients with MPS IIIA are summarized in Table 3 .
First Symptoms and Diagnosis
First symptoms in patients with MPS IIIA were observed, on average, at 7 months of age (SD: 1.2 months [range: 0.0 -4.5 months]). Although 67.6% of the patients with MPS IIIA first presented symptoms within the first year of life, the average age at diagnosis was 4.5 years (SD: 2.6 years [range: 0.25-13.8 years]). One third of the patients with MPS IIIA were diagnosed after 5 years of age. The relative distribution of the patients with MPS IIIB diagnosed at different ages was almost identical to the patients with MPS IIIA. Sleep disturbances and behavioral a In some patients, motor and speech development were never normal. In these case subjects, the scoring started at a score of 2.
PEDIATRICS Volume 120, Number 5, November 2007 e1257 abnormalities (hyperactivity, aggressive behavior, and unawareness of dangerous situations) were both reported as being the first noticeable symptoms of the disease in 38% of the patients with MPS IIIA. One fifth of the patients with MPS IIIA first presented with speech delay (Table 4) . 
Clinical Presentation
Scoring of the Clinical Course
The clinical course of the disease was tracked using the FPSS, which assessed motor function, speech, and cognitive function ( Table 1 ). The median scores for motor function, speech abilities, and cognitive function of all of the patients with MPS IIIA, by age, are shown in Fig 1. The onset of speech regression (score of 2) in patients with MPS IIIA was first observed at 2.8 years of age (SD: 1.9), whereas motor and cognitive functions began to regress at age 4.1 years (SD: 3.6) and 3.0 years (SD: 1.4), respectively. Severe regression (score of 1) in speech, motor, and cognitive function was found at an average age of 5.7 (SD: 2.7), 9.9 (SD: 4.3) and 8.2 (SD: 3.7) years, respectively. Speech was lost (score of 0) at an age of 8.2 (SD: 3.1) years. Loss of motor and cognitive functions was observed at an average age of 12.4 (SD: 5.3) and 13.1 (SD: 4.2) years, respectively. Scoring profiles for speech in patients with MPS IIIB were similar to those of the patients with MPS IIIA. Motor and cognitive functions in the patients with MPS IIIB started declining at ages similar to those of the patients with MPS IIIA; however, the average age of loss of these functions was reported 5.6 and 5.5 years later, respec- e1258tively, than in the patients with MPS IIIA. The loss of all 3 of the assessed abilities, as measured by the TDS, was observed at an average age of 12.5 years (range: 8.0 -26.5) in patients with MPS IIIA. In a small group of patients with MPS IIIA (9.9%) Ͼ12.5 years (4 male and 3 female), speech, motor, and cognitive skills were partially preserved (minimum score of 1 in all of the assessed abilities) to a maximum age of 23.8 years, indicating a slower progression of the disease.
Developmental Regression
One third of the patients with MPS IIIA showed developmental regression before 4 years of age and 78.9% before 6 years of age. The first abilities in which regression were noticed were speech (67.6% of patients) and mental/cognitive abilities (42.3% of patients). 
Age at Death
DISCUSSION
The present study provides a detailed description of the natural course of MPS III. This report summarizes statistically relevant data on the age of onset, symptoms, diagnosis, and progression of the disease in 71 patients with MPS IIIA. Patient numbers for other subtypes were not large enough to produce statistically relevant data. Baehner et al 2 reported on the incidence of MPS III in Germany by the diagnosis of 211 patients with MPS III between 1980 and 1995 composed of subtype A (149, corresponding with 71%), B (49, corresponding with 23%), and C (13, corresponding with 6%). Numbers and the distribution of subtypes were consistent with the data assessed in this study. Furthermore the present study seems to cover ϳ40% of all of the patients with MPS III in Germany. Studies using a scoring system for other neurodegenerative lysosomal diseases have been conducted for late infantile and juvenile neuronal ceroid-lipofuscinosis. 20, 21 The FPSS is an reliable and valid instrument, which can measure and document the course of the disease in MPS III. It is easy to use and provides important results concerning the clinical phenotypes and progression of disease. The majority of the patients with MPS IIIA (80%) were born after uneventful pregnancies. There were, however, a surprisingly high number of miscarriages observed in mothers of patients with MPS IIIA (19 of 65 women, corresponding with 29%). The general incidence of miscarriage is age dependent, and miscarriages are found in 10% of 20-to 24-year-old and 15% of 30-to 34-year-old women. 27 Because the exact age of the patients' mothers at the time of miscarriage is unknown, and no further investigations (eg, chromosomal testing) were conducted, it remains unclear whether the increased rate of miscarriages is related to MPS IIIA. At present, there are no reports of an increased risk of miscarriage in pregnancies involving children with lysosomal storage disorders in the literature. The majority of the patients with MPS IIIA (68%) first presented symptoms of the disease, mainly sleep disturbances and behavioral abnormalities, within the first year of life (Table 4) . Patients with MPS IIIB presented first symptoms at a similarly early age. Only 10% of the patients with MPS IIIA presented with coarse facial features as a first symptom in contrast to ϳ30% of the patients with MPS IIIB. Our data showed that three quarters of children with MPS IIIA demonstrated delays in early developmental milestones (Table 3) , the most common being a delay in speech development (67% 5 years of age. We, therefore, suggest that every child with an unspecified developmental delay, behavioral abnormalities, or a delay in speech development should be tested for MPS III. The clinical course of the disease, measured by the TDS, varied substantially between patients in terms of both the age of onset and progression of the disease. Single scoring curves for motor function, speech abilities, and cognitive function revealed that deterioration in motor function, speech, and cognitive function (score of 2) was observed at an average age of between 2.6 and 4.1 years. Loss of speech (score of 0), however, was observed between 4.4 and 4.9 years earlier than loss of motor function and cognitive function. Speech, motor function, and cognitive skills were lost at a mean age of 12.5 years. In a small population of patients Ͼ12.5 years (9.9%), however, speech and motor skills were partially preserved (minimum score of 1 in all of the assessed abilities) to a maximum age of 23.8 years. This indicates that the FPSS may be used to classify patients into groups with a rapid or slower course of the disease, which may have an important impact on parental counseling, as well as therapeutic interventions (eg, surgical procedures). One third of the patients with MPS IIIA who were involved in the study were never tested for heart disease. Although the majority of patients did not show significant heart disease with therapeutic consequences, it is important to check for heart valve disease, because it is an indication for endocarditis prophylaxis.
CONCLUSIONS
To our knowledge, this is the largest study conducted in patients with MPS IIIA and the first assessment of the natural course of the disease using a scoring system. The FPSS may be used to predict the possible course of the disease and might also be used as a basis for the evaluation of the effectiveness of future therapies.
